[Purpose] The aim of this study was to identify whether postural changes are prevalent with advancing age using a photogrammetric method performing one-year follow-up study. [Subjects and Methods] Thirty-eight schoolchildren were evaluated in 2011 and 2012 in this cohort study. The subjects underwent a postural evaluation, which involved palpation of reference anatomic points, placement of reflexive markers over the anatomic points, image acquisition, and point digitalization using the Digital Image-based Postural Assessment evaluation software. For data analysis, descriptive statistics and inferential statistics were analyzed by McNemar's test. [Results] The results showed a significant increase in postural change prevalence for the lumbar spine in the sagittal plane (from 42.2% to 81.6%) and the knees in the frontal plane (from 39.5% to 63.2%) and a significant decrease in the prevalence of scoliosis (from 68.5% to 42.2%).
INTRODUCTION
The theme of body posture in relation to school has been of interest to several researchers, in regard to postural changes 1, 2) and/or back pain risk factors [3] [4] [5] and back care programs 6) and in regard to knowledge concerning the prevalence of postural changes in different cities 7) .
Regarding the prevalence of postural changes in school children, the results of studies have differed, possibly as a result of differences in methodology or differences intrinsic to the studies themselves. Body posture is influenced by socioeconomic, morphological, environmental, and behavioral factors, separately or in combination 1, 8, 9) , and this can generate different results even for a population of students with similarities in age and body mass index (BMI), hindering comparison of different places and environments. Furthermore, the method utilized for postural assessment can lead to different results. Regarding this issue, the majority studies have assessed posture by observation, which is dependent on the subjectivity and experience of the evaluator and does not allow for quantification of postural changes 10) . Nevertheless, this issue can be easily resolved by utilizing quantitative methods accessible to schools, such as computerized photogrammetry, which provides reliable and accurate information, enabling detection of subtle changes during assessments 11) .
Considering the postural defects that occur in school-age children, which remain during adulthood, the period during which they go to school is the most important period for musculoskeletal development, and for a better prognosis in treatment of postural changes, periodic assessment is necessary in this population 7, 12) . However, to the best of our knowledge, there are no longitudinal studies describing the evolution of the postural framework of students throughout their school years in Brazil as assessed by quantitative methods without subjective assessment by an evaluator. This is an important gap, as body posture is not static and tends to change over time, mainly during the growth stage 7, 13) . From this perspective, we aimed to identify postural changes that are prevalent with advancing age using photogrammetry, by performing a one-year follow-up study.
SUBJECTS AND METHODS
This was a cohort study with a comparative design performed in October and November in 2011 and 2012. The select the sample, the school that the study would focus on was selected at random from among 11 schools in Teutônia, Rio Grande do Sul, Brazil. For the evaluation in the first year, schoolchildren were drawn from four separate physical education classes. For the second year, the evaluation was limited to the schoolchildren evaluated in the previous year. The sample size was determined based on the population proportion formula 14) . using the population of based schoolchildren (N=1,720) a significance level of 95%, sampling error estimated on 10% over 10% of thoracic kyphosis proportion. Based on this, a study sample of 34 schoolchildren was necessary. Taking into consideration potential losses, 70 schoolchildren were invited to participate.
The inclusion criteria for eligible participants were as follows: enrolled in the fifth to eighth grade of elementary school in the first year evaluation, able to stand on his/her feet independently, and presentation of parental consent. The exclusion criteria were as follows: did not participate in all postural evaluations or presented with chronic musculoskeletal diseases. This study was approved by the Ethics Committee of the Federal University of Rio Grande do Sul, (number 19832), in accordance with the ethical standards of the Declaration of Helsinki (1975 Helsinki ( , revised in 1983 . All subjects signed an informed consent form.
The subjects were submitted to a postural evaluation, which consisted of palpation of reference anatomic points (APs), placement of reflective markers over the APs, image acquisition, and digitalization of points with DIPA (Digital Image-based Postural Assessment) postural evaluation software 10, 15) . All the evaluation protocols were performed by only one researcher, and each subject was evaluated twice, once in 2011 and once in 2012. For the evaluation, the schoolchildren wore swimwear, were barefooted, and, if necessary, tied back their hair.
For image acquisition, a 12.1 megapixel Sony digital camera (Cyber-shot, Sony Brazil Ltda., São Paulo, SP, Brazil), was used that was coupled to a tripod at a height of 0.95 m, with the tripod located a horizontal distance of 2.80 m from the subjects, as per the recommendation of Furlanetto et al 10, 15) . For vertical reference, two reflective markers were used, which were attached to a plumb line and located 1 m apart. The horizontal reference was assumed to be perpendicular to the plumb line. For image acquisition, the subject was positioned so that the reflective markers stayed approximately on the same plane as the plumb line, maintaining in this way an equal distance from the camera to the point and to the plumb line. Images were acquired without altering the level of zoom in all cases 9, 14) . With the subject orthostatic, images were acquired (1) in the sagittal plane from a position perpendicular to the right side of the subject for evaluation of anteroposterior changes and (2) in the frontal plane from a position behind the subject for evaluation of latero-lateral changes.
The APs, indicated by reflective markers, were marked before image acquisition and corresponded to the following anatomic points: in the sagittal plane, the APs marked on the ear lobe, acromion, umbilicus, top of the posterior iliac spine, top of the anterior iliac spine, top of the greater trochanter, lateral condyle of the knee, fossa anterior to the external malleolus, and spinous processes of the vertebrae C7, T6, L4, and S2 vertebrae; and in the frontal plane, the APs were marked on the acromion, inferior angles of the scapula, top of the posterior iliac spine, and heel, all of which were demarcated bilaterally, and the spinous processes of the C7, T2, T4, T6, T8, T10, T12, L2, L4, and S2 vertebrae.
After image acquisition, images were transferred to a computer (Sony notebook, HD 500GB, 4GB RAM), where they were digitalized and analyzed with the DIPA software 10, 15) , which provides quantitative information on the subject's posture in the sagittal and frontal planes, in addition to a posture classification 10) . Table 1 presents the classifications that can potentially be given by DIPA in each evaluated region.
The DIPA software was used as recommended by studies of Furlanetto et al. 10, 15) , in which it was developed and validated, with strong and significant correlation found with all the variables studied.
The statistical analysis was performed using the IBM SPSS Statistics (version 19.0). Descriptive statistics were used to analyze data, and the results are presented in frequency tables for each variable in the sagittal plane (body balance, aligning knees, cervical spine, dorsal spine, lumbar spine) and frontal plane (body balance, presence of scoliosis, aligning shoulders, aligning knees). Inferential statistics by McNemar's test were also used to compare the results from 2011 and 2012 to variables in the sagittal plane (body balance, aligning knees, cervical spine, dorsal spine, lumbar spine) and frontal plane (body balance, presence of scoliosis, aligning shoulders, aligning knees). The significance level adopted was 0.05.
RESULTS
Of the 70 schoolchildren invited to participate, 65 were evaluate in 2011, and 38 were reevaluate in the 2012. The sample loss was due to absenteeism because of a school trip, changing schools, absence for other reason, or inability to leave class for evaluation because of a test. Based on this, the sample comprised 38 schoolchildren evaluated in 2011 and 2012 who were 11 to 16 years old; of them, 13.2% were 11, 18.4% were 12, 31.6% were 13, 26.3% were 14, 7.9% were 15, and 2.6% were 16 in the second year of evaluation.
The results showed that there was a significant increase in the prevalence of postural change in the lumbar spine in the sagittal plane (Table 2 ) and in the knees (Table 3 ) and a significant decrease in scoliosis prevalence in the frontal plane (Table  3) . 
DISCUSSION
This study aimed to identify postural changes that are prevalent with advancing age. After one year, a significant increase in the prevalence of postural change in the lumbar spine and knees and a significant decrease in the prevalence of scoliosis were identified.
The lumbar region is one of the regions most affected by problems related to postural change and musculoskeletal pain 16, 17) . Positional and structural factors have been suggested as possible causes of bad posture 7) . It is believed that merely adequate postural habits during the performance of activities of daily live (ADL) can minimize postural defects developed during the school years, which tend to remain over the course of one's life 5, 12, 18) .
From this perspective, the school environment has a lot to do with this process, and the it appears that the school environment presents many ergonomic problems unfavorable to healthy postural habits. The relation between the school environment and changes in lumbar lordosis, for example, is well documented: the excessive weight of school supplies has been known to cause lumbar hyperlordosis 17, 18) ; the relaxed resting position when sitting, placing support on the ischial tuberosity and the posterior surface of the sacrum and coccyx, is associated with lumbar rectification 19, 20) ; and spending extended periods in a sitting posture is associated with an increase of lumbar flexion [21] [22] [23] . It is also documented that there is a relation between ADL outside of school and postural changes in schoolchildren, such as in the case of adoption of the prone position while sleeping 17, 24) .
Regarding the increase in knee alterations in the frontal plane when comparing the evaluation years, it is believed that this can be attributed to schoolchildren's stage of growth 25, 26) . As is known, postural changes are multifactorial, and mainly in this stage of life, it is possible verify transient postural alignments to provide dynamic changes in postural alignments to children during development [27] [28] [29] .
An interesting finding was the significant decrease in the prevalence of scoliosis in the evaluated schoolchildren. A possible explanation for this could be the distribution of the evaluated age group. In the second year of evaluation, the largest part of the sample comprised 12-, 13-, and 14-year-old schoolchildren who were 11 or 12 years old, which is when the first growth spurt tends to occur, at the time of the first evaluation. It is well documented that idiopathic scoliosis, which is the most common type of scoliosis, is closely related to growth spurts 12, 13) . In this period, there are many postural transformations in the search for a compatible balance with the body's new proportions; once this stage is over, postural changes tend to stabilize. Furthermore, this period of large bone growth coincides with fluctuation of circulating hormones, including estrogen, which interacts with growth hormone and other growth factors (bone acquisition and bone remodeling), which are considered potential etiologic factors of idiopathic adolescent scoliosis 13, 30) .
The significant increase in postural change prevalence in the knees and the lumbar spine in teenagers, and the slight increase in changes in the cervical and thoracic region signal that the school period is a risky stage for the spine health of schoolchildren, since the ADL performed routinely by schoolchildren contribute to maintenance of inadequate posture 31) . These findings underscore the importance of conducting Back Schools programs in the school environment once the root of the problem is addressed, since they are effective in modifying postural habits 6, 22, 32) .
Beyond Back Schools, there is a broader need to incorporate new public policies in the school environment in order to avoid further progression of postural changes like those found in this study. It should be emphasized that, besides the knowledge about the prevalence of postural change, it is also necessary to comprehend the relationship between this prevalence and the environment, in other words, how the everyday habits adopted by schoolchildren cause postural problems. The development of longitudinal investigations, rather than transversal studies, would allow for long-term monitoring of the evolution of posture and of schoolchildren habits, representing a viable alternative to subsidize the health actions to this public.
Against the background presented, we concluded that the prevalence of postural changes in the lumbar spine and knees increased significantly in one year, while the prevalence of scoliosis decreased significantly when comparing the years 2011 and 2012.
